In the first part of this paper, a comprehensive modeling and validation of a PEM fuel cell have been presented. The aim of the second part of this paper is to present the parametric study in order to clearly find the temperature effect on PEM fuel cell performance up to 120°C. Results show that rising in temperature decreases the concentration loses in all range of temperature but decreasing the activation over-potential up to 80°C. The behavior of all parameters affected on activation over-potential has been successfully investigated. It has also been found that the partial pressures of reactant gases and electrochemical Pt surface areas of the cathode and anode layers decrease by increasing the temperature that lead to more loses in activation and therefore decreases the cell performance.
Introduction
Many research efforts have been done to study the temperature effect on PEM fuel cell performance at range up to 80°C and the results obtained showed rising in fuel cell efficiency by increasing the temperature [1] [2] [3] [4] [5] [6] . However, there are less research efforts have been conducted to investigate the temperature effect above 80°C [7] [8] [9] . They observed different effect in high temperature range especially between 80-100°C. In first part of this paper presented the modeling of the PEM fuel cell. In the second part of th is paper will p resent the parametric study by using the valid model relation and experimental data collected from literature [9] to find the temperature effect on PEM fuel cell performance.
Parametric study results and discussion
The output voltage of a single cell can be written as equation 1 
The open circuit voltage can be determined by follo wing equation s (1) (2) (3) . Figure 1a shows the temperature effect on open circuit voltage. According ly, the open circuit voltage decreas es by increasing the temperature. Although the rising in partial p ressure have a positive effect but increasing in hydrogen and oxygen partial pressure cannot rectify the losses in temperature (see Figure 1b) . Figure 1c shows the memb rane resistance changes by temperature. It seems that rising in the membrane resistance about 90°C is caused by the decreasing in the partial pressure and membrane dehydration [3] . Figure 2a shows the temperature effect on the mass transfer or concentration over-potential. It can be clearly shown that concentration over-potential decreases by increasing the temperature but it also shows that concentration over-potential increases exponentially at the h igh current density. Actually, the concentration over-potential has mo re effect than other losses at the high current density [10] . Figure 2b shows the temperature effect on activation over -potential. Th is figure shows that the activation overpotential decreases by rising in temperature until 80°C but it has opposite effect until 100°C and above it has behavior like below 80°C. This is the reason why in some prev ious research efforts to introduce the temperature around 80°C as optimu m temperature for PEM fuel cell performance since they did not determine the main factor for this behavior. The activation over-potential is equal to the summat ion of anode and cathode activation losses. Figure 3 shows the effect of temperature on the activation overpotential at anode and cathode and clearly shows that the decreasing in the PEM fuel cell above 80°C as a result of both electrodes. The important point to mention here is that at 120°C the activation over-potential at cathode is less than its values at 80 and 100°C but at anode it is more than its values at 80 and 100°C.
According to equation 3 the activation losses is related to apparent exchange current density (AECD) value at anode and cathode. Large amount of AECDs lead to less activation loss. Figure 4 shows the effect of temperature on A ECDs of anode and cathode. The minimu m and maximu m points in these figures can introduce the behaviour of PEM fuel cell between 80-100°C. The AECD is related to the partial pressure of reactant, temperature and surface area of catalyst as shown in equations 5 and 6. 
where EPSA is the electrochemical Pt surface areas of the cathode and anode layer. [11] . Figures 5  and 6 illustrate the changes in above parameters (EPSA, IECD and partial pressure) with respect to temperature at anode and cathode, respectively. There is significant changes in the partial pressure above 80°C that may cause by the changing in the relative humidity capacity at the fuel cell [12] . However, rising in temperature increases the IECDs that have positive effect on the fuel cell performance but temperature has opposite effect on EPSA. 
Conclusion
Rising in temperature has a positive effect on PEM fuel cell by decreasing the concentration losses in all experimental range (up to 120°C) but temperature only has positive effe ct on decreasing the activation overpotential up to 80°C. Th is parametric study has clearly shown the effect of the partial pressure of reactant gases and electrochemical Pt surface areas of the cathode and anode layers on cell behaviour.
